D URING THE PAST 10 YEARS PALEO- climatic research undertaken in the eastern Sahara has revealed the existence oftwo major late Pleistocene to midHolocene drainage networks that once interrupted the state of internal drainage of this vast region. One network is a 800 km long watercourse in eastern Libya (1). This drainage system, however, might have been influenced by increased rainfall in the Tibesti Mountains, which cover an area of some 100,000 km2 at an average elevation of 2000 m above sea level. For this reason, further fieldwork was conducted in the expanses between the Great Sand Sea ofEgypt and the Sahel zone in northern Sudan, which have an elevation of only 500 to 600 m and are located far away from any high mountains (Fig. ib) . The investigations yielded evidence on another major relict drainage system in the southeastern Sahara: lower Wadi Howar.
Wadi Howar issues from the mountainous region between Gebel Marra and Ennedi and traverses the southern fringe of the Sahara for a length of 640 km. All topographic maps ofthe area show the end ofthe wadi bed at 17°30'N and 27°25'E south of Gebel Rahib. Here the wadi is already defunct and its course is marked only by linear tree vegetation, sustained by a ground water table some 6 to 10 m below the surface (2). Speculations on a possible eastward connection to the Nile during the Tertiary (3) and interpretations of satellite imagery (4) were verified by ground checks. Evidence was found that the lower Wadi Howar drained this 400 km wide area (present rainfall, 25 mm/year) and entered the Nile between the third and fourth cataracts, opposite Old Dongola (5). Thus, Wadi Howar constituted the largest tributary to the Nile from the Sahara between the Mediterranean Sea and the Atbara River, with a length ofmore than 2700 km.
At Rahib the former riverbed is blocked by a 15-m high and 5-km wide dune barrier (Fig. la, locality 3 Proto-Nile riverbed (9) has been identified 50 km west ofthe present-day river (Fig. la,  locality 8 ). Its glaring white mantle of quartzose gravels stands out both in the field and on satellite imagery. This probably early Pleistocene Nile loop was as much as 10 km wide and 60 km long. Its chronological position constitutes a maximum age for the major fluvial erosion cutting the banks of the 12 km wide floodplain before the junction with the Nile.
The concept ofWadi Howar as an indicator ofa significant shift in the rainfall regime of the eastern Sahara is valid only if proof can be furnished that its lower course was not an exotic river like the modem Nilethat is, a teleconnection from the headwaters, but was fed by substantially increased local rainfall. The following evidence supports this point of view. In the near vicinity of the wadi (Fig. la, locality 2 ) the groundwater table rose considerably, causing the formation of a lake more than 6 km2 in area; its lake chalk contains both freshwater Mollusca and Ostracoda and was radiocarbon dated to 9195 ± 95 years ago (Hv 13563) at the base and 7985 ± 90 years ago (Hv 13564) at the top. The close network of now defunct tributary wadis with broad gravel belts east of Gebel Rahib likewise points to paleo-discharge characteristics essentially different from those of today. Further evidence is the formation of 50 m wide calcareous sinter incrustations above the wadi bank with a radiocarbon age of 7825 ± 100 years (Hv 13565); they were supplied by springs fed by infiltrated local rainfall (Fig. la, localities 7) .
Furthermore, the 12-m rise in the water table at El Atrun, 90 km to the north (Fig.  lb) (11) . The lake marl terrace here is located 6 m above the present level of the hypersaline ground water fedlake. The pollen-bearing algal muds of the Oyo complex (12) also belong to this archipelago of early to mid-Holocene lakes and correspond to those at El Atrun and Selima. The latter existed between about 9200 and 4500 years ago (13) . Finally, the fossiliferous lake chalk sequences 80 km northwest of Laqiya Arbain dated between 7500 and 6500 years ago fit into this picture (14) .
It is now clear that there is substantial evidence of a rainfall regime supporting an early Holocene ground-water recharge and that this evidence culminates in the lower Wadi Howar (18°N). It was surrounded by the early Holocene Sahel zone, which stretched about 500 km further north than today. Since the number of paleoclimatic indicators decreases northward of Wadi Howar, we conclude that rainfall was due to tropical influences from the south. These findings show parallels to paleoclimatic evidence from the central and western Sahara. Lake Chad (14°N) as well as the Mali lakes (21°N) record high levels and humid phases between 9500 and 4500 years ago (15, 16) .
The extreme summer aridity (17) of the Sahara was suspended in early Holocene time. At present it is due to the sinking air masses in the delta of the tropical easterly jet stream, which in turn is caused by high summer temperatures in the central Asian mountains. Should the proposal of a persistent glaciation in the Tibetan mountains during the early Holocene prove correct (18) , summer paleorainfall in the eastern Sahara could be explained by a continuing weakening of the easterly jet stream.
REFERENCES AND NOTES
1. This Holocene wadi flowed across Serir Tibesti in southern Libya (present rainfall, 2 mm/year) into Serir Calanscso (present rainfall, 20 mm/year) (Fig.   lb) . Along its course calcitic lake deposits, radiocarbon dated to 8800 to 5000 years ago, were formed in freshwater lakes. In Egypt's Western Desert however (1 to 2 mm of annual rainfall), silty clayey semi-lacustrine sediments prevail in deflation hollows at numerous sites, mainly at the base of escarpments, during the period between 10,000 and 4,000 years ago; this reflects a west to east decrease in rainfall at a latitude of 23°N in the early Holocene. See H.-J. Pachur To be more precise, the problem in (1) is called the velocity control problem in robotics, wherein the controller must choose velocities for the joint actuators in order to C. V. Haynes [Nati. Geogr. Res. 16, 269 (1985)] refers to part of this abandoned valley calling it "Wadi Mahgour." obtain a velocity vector for the hand in Cartesian coordinates. This Cartesian velocity vector corresponds to vector M in (1). This problem was solved (3), as follows: Let X represent a position and V a velocity, respectively, in Cartesian space. Let 0 represent a vector of arm joint positions and Q a vector of arm joint velocities. We say that 0 and Ql exist in joint coordinates. Then 
